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3.0 MATERIALS AND METHODS 
 
3.1 Overview  
 
This study is about aqueous dispersion polymerization which involved two stages of 
polymerization which are one-stage dispersion polymerization and two-stage dispersion 
polymerization. 
 
3.2  Chemicals and Equipments 
 
3.2.1 Chemicals 
 
The reagents used for the polymer synthesis are styrene reagent plus contains 4-tert-
Bus472 (99% grade) and ethylene glycol dimethacrylate (EGDMA) (98% grade) and 4-
vinylbenzyl chloride (VBC) (95% grade). Methanol (99.7% grade), ethanol (95% 
grade), Poly (N-vinylpyrrolidone) (PVP) 55 (Mⱳ~55,000)  was used as stabilizer and 
Triton X-305 was used as co-stabilizer were supplied by Sigma-Aldrich. The benzoyl 
peroxide (98% grade) was supplied by Sigma-Aldrich is used as initiator.  
 
3.2.2 Equipments 
 
For the one-stage and two-stage of aqueous dispersion polymerization, the polymer 
synthesis has been performed in a five-necked round-bottomed flask fitted with a 
flange, condenser and overhead stirrer with a metal blade. The reaction flask had been 
put into a thermostatically-controlled heating mantle as shown in Figure 3.  
 
 
Figure 3: Apparatus for Dispersion Polymerization 
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3.2.3 Analysis 
 
3.2.3.1 Optical Microscope 
 
This analysis device is used in order to visualize or find out the particles at the end of 
the reactions. A few drops of polymer dispersion had been deposited onto a microscope 
slide and the particles imaged once the solvent had been evaporated. 
 
 
Figure 4: Microscope used for analysing the morphology of the samples 
 
3.2.3.2 Fourier Transform Infrared Spectroscopy (FTIR) 
 
The sample was scanned using Nicolet Avatar 370DTGS in the analytical lab. The drop 
forms a thin film between the plates. Solid samples can be milled with potassium 
bromide (KBr) to form a very fine powder. Next, it was compressed into a thin pellet 
which can be analysed using FTIR. 
 
 
Figure 5: FTIR device for analysing functional group of the samples 
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3.2.3.3 CHNS Analyser  
 
This device is used for the rapid determination of carbon, hydrogen, nitrogen and 
sulphur in organic matrices and other types of materials. The analysers are often 
constructed in modular form such that they can be set up in a number of different 
configurations to determine, for example, CHN, CHNS, CNS or N depending on the 
application. The result received will be the percentage of the elements appeared in the 
sample.  
 
 
Figure 6: CHNS Analysis (P. Stevanato et. al., 2014) 
 
3.3  Methodology 
3.3.1 One-Stage Aqueous Dispersion Polymerization 
 
For one-stage aqueous dispersion polymerization (ADP), all the monomers, initiator, 
stabilizer and co-stabilizer was dissolved in ethanol in a 500 mL four-necked, round-
bottomed flask equipped with overhead stirrer, condenser and a gas inlet. The solution 
was bubbled with nitrogen gas for 15 minutes after the homogeneous solution had 
formed at room temperature. The reaction flask was placed in a heating block at 70 °C 
by using temperature controller and stirred mechanically using three-bladed metal stirrer 
at 150 rpm. The reaction was carried out for 24 hours. The particles that had been 
obtained were washed for one time in ethanol and one time in methanol. Then, the 
particles were filtered by using vacuum filtration on a 0.22 µm nylon membrane filter 
and dry overnight in oven at 40°C. 
 
3.3.2 Two-Stage Aqueous Dispersion Polymerization 
 
For a two-stage aqueous dispersion polymerization, all the stabilizer, co-stabilizer, 
initiator and styrene, half of the VBC and half of the ethanol followed by water (ratio 
2:1) was added into 500 mL four-necked, round-bottomed flask fitted with an overhead 
stirrer, condenser and nitrogen inlet. Once the solution became homogeneous solution 
which was formed at room temperature, the solution was bubbled with nitrogen gas at 
room temperature for 15 minutes. The flask was placed into the heating mantle at 
temperature of 70 °C and stirred mechanically using three-bladed metal stirrer at 150 
